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COMBINE FEEDER DRIVE CONTROL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to crop harvesting 

combines and more particularly to an automatic control 
of the power drive to the feeder of a combine. 

2. Prior Art 
The ingestion of a rock or an unusually large slug of 

crop material can damage the crop feeder or threshing 
mechanism of a combine. Moreover, a disruption of the 
material flow through the feeder can cause the material 
to build up at the feeder throat which can damage com 
ponents of the crop harvesting header. The typical crop 
feeder includes a slip clutch in the power drive train 
operative to stop power drive to the feeder when the 
feeder is jammed with crop material or a foreign object. 
Slip clutches however, are subject to wear in normal 
use and require adjustment. Moreover, the slip clutch 
can be damaged through excessive slippage due to an 
undetected stoppage of the feeder. 
US. Pat. No. 3,805,798 addresses one aspect of ma 

chine protection wherein the presence of rocks is de 
tected and the feeder drive is interrupted. The passage 
of rocks or other objects mixed with the crop material 
induces a vibration in the header. An electronic detec 
tion device senses the vibration and stops the drive to 
the header and feeder. However, the system of this 

> patent is effective only as a rock detector since the 
vibrations induced by crop material alone have low 
frequencies producing voltages which are ?ltered out. 
Accordingly, this system would appear to be ineffective 
to stop feeder drive in response to a slug or build up of 
crop material per se. 
US. Pat. No. 2,749,696 shows a mechanical system 

for stopping power drive to a header and feed rake if the 
cylinder speed is reduced because of crop jamming 
therein. A centrifugal clutch 23 disengages drive to the 
sickle, header and feed rake when the speed of the cylin 
der allows the weight 49 in the clutch to move inwardly 
against centrifugal force. The drive disengaging speed 
of the cylinder can be selected by moving the weights 
to the various positions on the respective supporting 
arms 45. 
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US. Pat. Nos. 3,897,677 and 3,910,286 relate to‘ 
threshing systems wherein the speed of the threshing 
cylinder is monitored or controlled. In both of these 
patents the concern is with jamming of the threshing 
cylinder. In very general terms, these patents show 
circuits which produce warnings or effect “controls”. 
Neither of these patents is concerned with control of a 
feeder drive. 

SUMMARY 

The invention provides an electronic control system 
for disengaging power drive to a combine feeder in 
response to sensing the speed of the feeder. The control 
system compares the feeder speed with a predetermined 
minimum reference speed and generates a signal to stop 
the power drive to the feeder when the feeder speed 
drops below the reference speed. The reduction in 
feeder speed can be caused by the ingestion of rocks or 
a slug of crop material into the feeder. The system auto 
matically shuts down the feeder enabling the operator 
to remove the rocks or crop slugs and thereby prevent 
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2 
damage to the feeder or components of the header and 
drive systems. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring ?rst to FIG. 1, there is shown a self 
propelled combine having an axial flow type threshing 
mechanism denoted generally at 10. A feeder housing 
12 is pivotally mounted on the front of the combine and 
upon which a crop harvesting header (not shown) is 
adapted to be mounted for cutting and/or gathering the 
crop. Within the housing 12 is an endless feeder 14 
having a pair of chains 16 upon which are mounted a 
plurality of crop conveying channel members 18. The 
chains 16 are trained about an upper drive shaft 20 and 
a lower driven shaft 22 by means of suitable sprockets 
one of which being shown at 24 in FIG. 2 mounted on 
the drive shaft 20. 
Power is transmitted to the feeder 14 from the com 

bine engine (not shown) by means including a pulley 26 
mounted on the drive shaft 20, a pulley 28, and a belt 30 
trained about the pulleys. 
Power drive to the feeder 14 is engaged and disen 

gaged by systems shown schematically in FIG. 3. An 
idler pulley 32 is journalled on an arm 34 pivotally 
mounted on the combine for engagement with the 
feeder drive belt 30. The idler pulley 32 is moved into 
and out of engagement with the belt 30 by a hydraulic 
system including a pump 36 drawing hydraulic ?uid 
from a sump 38 and delivering the fluid under pressure 
to a double acting cylinder 40 connected to the arm 34. 
A two-position solenoid valve 42 is interposed between 
pump 36 and cylinder 40 to direct pump output to either 
the piston end of the cylinder 40 to move the pulley 32 
into engagement with belt 30 (dotted line position 32’) 
or to the rod end of the cylinder 40 to move the pulley 
32 out of engagement with the belt 30. 
The invention includes an electronic control system 

46 for controlling the drive of the feeder 14 as shown 
schematically in FIG. 3. 
The inventive feeder drive cut-off control system 46, 

as shown in FIG. 3, receives an input from a shaft speed 
sensing device and provides the necessary control logic 
circuitry to disengage the feeder drive when the feeder 
shaft 20 is sensed to be rotating at less than a selected 
operating speed. The speed of shaft 20 may be sensed 
using a transducer 43 including a transducer wheel 44 
mounted for rotation with the shaft 20. As will be de 
scribed in detail hereinbelow, if the speed of shaft 20 is 
below a selected rate, the current to the solenoid valve 
42 is interrupted, causing the idler pulley 32 to be disen 
gaged from belt 30, to cause belt 30 to stop and thus 
permit the blockage to be removed. After removing the 
blockage, the feeder drive may be reenergized by tog 
gling a feeder clutch switch 47, that is by opening and 
then closing the switch 47. This action will cause the 
solenoid valve 42 to be reenergized to actuate cylinder 
40 to move pulley 32 into engagement with belt 30. 

Closure of feeder clutch switch 47 initiates operation 
of the system 46. Switch 47 couples a DC. signal such 
as from a battery 48 through leads 52 and 53 to a two 
input And gate 54; and, through lead 52 to an RC charg 
ing circuit 55. Circuit 55 is a conventional resistor 
capacitor (RC) charging circuit which charges to a 
selected potential in about ?ve seconds and functions as 
a time delay for purposes to be described. The output of 
the circuit 55 is coupled to the non-inverting input ter 
minal of a conventional comparator amplifier 58. A 
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second input to the comparator 58 is coupled to its 
inverting input terminal as a selected time reference 
voltage, indicated at 56. 
As mentioned, when switch 47 closes, the RC circuit 

55 charges to a selected level in about five seconds; this 
voltage is compared with the time reference voltage 56 
by- the comparator 58. The output of comparator 58 will 
be relatively low or (—) level until such time as the RC 
circuit 55 charges to the selected level, at which time 
the output of comparator 58 will go relatively high or 
(+) level; thus comparator 58 functions as a time delay 
comparator. The output of the comparator 58 is cou 
pled as one input of a two-input Nand gate 59. 

Refer now to the lower right hand corner of FIG. 3 
which shows a reluctance transducer 43, which may be 
of any suitable known type, and which provides an 
electrical signal having a frequency dependent on the 
speed of rotation of the transducer wheel ‘44 mounted 
on the drive shaft 20. The signal from transducer 43 is 
coupled through a lead 62 to an operational ampli?er 
63. The output of ampli?er 63 is coupled to a frequency 
to-voltage converter 64, of suitable known type, which, 
as the name implies, provides a voltage output which is 
directly proportional to the frequency signal received 
from the transducer 43, which as mentioned, is propor 
tional to the speed of shaft 20. The output of converter 
64 is coupled to the inverting input terminal of a com 
parator ampli?er 65 which functions as a speed compar 
ator. A second input to comparator 65 is a reference 
voltage 66 coupled to the non-inverting input terminal 
of comparator 65 as a selected speed reference voltage. 
The output from speed comparator 65 switches to a 

low or (—) level when the voltage from the converter 
64 exceeds the selected speed reference voltage. That is, 
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when the shaft 20 is operating properly and its speed of 35 
rotation is above a selected rate, the output from con 
verter 65 is low or (——). When this occurs, that is when 
shaft 20 is operating properly, a low or (—) input is 
provided from converter 65 to Nand gate 59. As long as 
this input to Nand gate 59 is low or (~)‘, and the input 
from the delayed time comparator 58 is high or (+), 
Nand gate 59 will provide a high or (+) output to And 
gate 54; and in turn, And gate 54 will provide a high or 
(+) output which will cause output driver 57 to con 
tinue to energize the solenoid valve 42 causing cylinder 
40 to maintain the pulley 32 in contact with belt 30 and 
thus to continue to drive shaft 20. 

Conversely, when the speed of the shaft 20 is below a 
selected rate, the speed comparator 65 provides a high 
or (+) output to Nand gate 59. When Nand gate 59 has 
two high or (+) inputs, that is, a high or (+) input from 
the speed comparator 65, and a high or (—) input from 
delay time comparator 58, it will provide a low or (—) 
output to And gate 54. At this point, And gate 54 will 
have a high or (+) input from switch 47, and a low or 
(—) input from Nand gate 59; accordingly, gate 54 will 
provide a low or (—) output to driver 57 which in turn 
will effectively deenergize the solenoid valve 42 to 
cause cylinder 40 to move pulley out of engagement 
with belt 30, and cause rotation of shaft 20 to stop. 

Thus, when the output from the transducer 43 indi 
cates the speed of shaft 20 is below a selected level; that 
is, that something is interfering with its rotation, the 

. cut-off control system 46 will cause shaft 20 to stop 
rotating. Any rock or other impediment in the feeder 
system can then be removed. 
The circuit of FIG. 3 also provides the operator with 

an audible and‘ a visual indication of the slowing down 
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4 
or stoppage of the speed of shaft 20. Concurrently, as 
Nand gate 59 couples a low or (—) signal to And gate 
54, Nand gate 59 will also couple a low or (—) output to 
an inverter ampli?er 67 which will in turn provide a 
positive input to the base of an NPN switching transis 
tor 68. Transistor 68 will thus be biased to conduct, and 
will complete a current path to ground for the parallel 
connected audio device (horn) 71 and warning lamp 
(light bulb) 72. The current path for horn 71 extends 
from + 12 volts through horn 71, a diode 69 and the 
collector to emitter electrodes of transistor 68 to 
ground. A current path from the +12 volts extends 
through lamp 72, a diode 70 and collector to emitter of 
transistor 68 to ground. 

After the rock or other impediment in the feeder 
system has been removed, the cut-off control system 46 
may be reactivated, and drive of belt 30 and shaft 20 
reinitiated as follows: ' 

The operator toggles switch 47; that is, switch 47 is 
opened for a brief interval and then reclosed. Opening 
of switch 47 causes the RC charging circuit 55 to dis 
charge thereby providing a low or (—) input to compar— 
ator 58 which in turn will provide a low or (—) input to 
Nand gate 59. At this point in time, the shaft 20 is 
stopped hence the output of speed comparator 65 is at a 
high or (+) level. The low or (—) input from compara 
tor 58 and the high or (+) input from comparator 65 
cause Nand gate 59 to provide a high or (+) input to 
And gate 54. The other or second input to And gate 54 
'will be high or (+) when switch 47 is closed, thereby 
causing And gate 54 to provide a high or (+) voltage to 
enable output 57 to provide an input to solenoid valve 
42 to cause cylinder 40 to activate pulley 32 to contact 
belt 30. 
As soon as switch 47 is reclosed, RC circuit 55 starts 

to charge; and as mentioned above, circuit 55 takes ?ve 
seconds to charge to its full value. When circuit 55 
charges to its full value, the output of comparator 58 
will go positive; and if the shaft 20 has not attained its 
proper operating speed the control system 46 will again 
disengage the drive. This provides a time delay of five 
seconds to allow shaft 20 to increase its speed above the 
selected rate. When shaft 20 is rotating above the se 
lected rate, the output from speed comparator 65 will to 
(—). After the ?ve seconds time delay, comparator 58 
provides a (+) input to Nand gate 59; however, by this 
time shaft 20 should be rotating at the selected speed 
and speed comparator 65 will provide a low or (-) 
voltage to Nand gate 59 indicating shaft 20 is rotating 
properly. Accordingly, And gate 54 will have a high or 
(+) input from switch 47 and high or (+) input from 
Nand gate 59 and will provide a high or (+) voltage to 
driver 57 to energize solenoid 42 (and thus cylinder 40) 
to the belt driving mode as described above. 

If after ?ve seconds the speed of shaft 20 has not 
increased above the selected level, the input to Nand 
gate 59 from time delay comparator 58 will be (+) and 
the input from speed comparator 65 will be (+), 
thereby causing Nand gate 59 to provide a (—) input to 
And gate 54 which in turn causes output driver 57 to 
energize solenoid valve 42 to cause cylinder 40 to re 
move pulley 32 from belt 30. Thus, the control system 
46 provides a ?ve second delay to permit the shaft 20 to 
regain its minimum desired speed. 
The input and output signals to and from the control 

logic circuit of FIG. 3 may be coupled electrically in 
series with the main feeder drive circuitry. Such con 
nection provides fail-safe operation for the feeder drive 
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in that it allows the feeder cut-off control system 46 to 
be bypassed by electrically disconnecting the system 46, 
and reconnecting the basic feeder drive circuit leads to 
one another, should the automatic system 46 become 
defective for any reason. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment 
thereof, itwill be understood by those skilled in the art, 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 
What is claimed is: I 

1. In a combine for harvesting and threshing a crop, 
comprising: 

a feeder for feeding crop material into the combine, 
said feeder including a conveyor having a drive 
shaft; 

a drive system for the feeder including a belt drive to 
said drive shaft and an idler pulley movable to 
engage or disengage power drive to said drive 
shaft; 

means for moving said idler pulley between drive 
engaging and disengaging positions including a 
hydraulic cylinder operably connected to said idler 
pulley and a control valve for selectively actuating 
said cylinder; 

and electronic control means for sensing the rota 
tional speed of said drive shaft, comparing the 
rotational speed to a predetermined reference 
speed, and generating a signal to actuate said con 
trol valve when the rotational speed becomes less 
than said reference speed whereby power drive to 
the feeder is stopped to protect the feeder under 
extraordinary loads. 

2. In a combine having a threshing mechanism and a 
feeder for feeding crop material into the threshing 
mechanism, the improvement comprising: \ 

a power drive for the feeder including a feeder drive 
shaft, 

and electronic control means for disengaging said 
power drive in response to sensing a rotational 
speed of said shaft below a predetermined refer 

- ence speed, said electronic control means further 

including switch means closeable to energize said 
system, and delay means for delaying the operation 
of the circuit for a selected period of time after 
closure of said switch to allow the shaft to reach a 
desired operating speed before control is effected. 

15 

25 

30 

55 

65 

6 
3. In a combine having a threshing mechanism and a 

feeder for feeding crop material into the threshing 
mechanism, the improvement comprising: 

a power drive for the feeder including a feeder drive 
shaft, 

and electronic control means for disengaging said 
power drive in response to sensing a rotational 
speed of said shaft below a predetermined refer 
ence speed, said electronic control means further 
including switch means for providing a DC. sig 
nal, means for developing a voltage proportional to 
the speed of rotation of said shaft, means for pro 
viding a speed reference voltage, ?rst comparing 
means for comparing said voltage proportional to 
the speed of rotation and the speed reference volt 
age and providing an output representative thereof, 
charging voltage means chargeable to a selected 
level within a preset time, means for providing a 
time reference voltage, second comparing means 
for comparing said time reference voltage with the 
voltage on the charging means and providing a 
selected output representative thereof, ?rst gate 
means for logically processing the output of said 
?rst and second comparing means and providing an 
output representative thereof, drive control means, 
and second gate means for receiving the ouput 
from said ?rst gate means and said switch means 
and providing an output to actuate said drive con 
trol means dependent thereon. 

4. An electronic control circuit as in claim 3 wherein 
said charging voltage means comprises an RC circuit 
which functions as a time delay means, and wherein said 
switch means is actuable to an open position to dis 
charge said RC circuit and recloseable to initiate re 
charging of said RC circuit to initiate the timing period 
thereof. 

5. An electronic control circuit as in claim 3 wherein 
said ?rst gate means comprises a Nand gate, said second 
gate means comprise an And gate, and wherein said 
And gate energizes said drive control means in response 
to the shaft rotational speed being above a selected 
level. 

6. An electronic control circuit as in claim 3 further 
including audible responsive means actuable when said 
drive means is interrupted, and visual means connected 
electrically in parallel with said audible means. 

7. An electronic control circuit as in claim 3 wherein 
the means for developing a voltage proportional to the 
speed of rotation of said shaft includes a frequency to 
voltage converter receiving a signal from a reluctance 
transducer. 
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